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ABSTRACT 
Introduction: There are many new types of root canal sealers that are currently available 
to clinicians.  
The aim of this study was to evaluate the sealing ability and potential for retreatment of 
three different sealers: Kerr PCS, Bioceramic Sealer (BCS) and a new sealer named 
Pacendo. 
Material and Methods: A dye penetration test on the 90 palatal root of maxillary molars 
was performed in 6 experimental groups. Each group contained a combination of a sealer 
with either single cone or warm vertical obturation technique. 
The retreatment study was performed on 90 distal roots of mandibular molars to assess 
success in regaining patency, procedure time, possible filling material extrusion and post-
retreatment sealer/gutta-percha residue. 
A setting time test and SEM/EDS analysis were conducted to assess the effect of heat 
application on physicochemical properties and microstructure of each sealer. 
 vii 
Results: There were no significant differences in dye leakage among all groups. A 
significant difference was observed in the retreatment time.  
The highest amount of sealer residue was observed in the BCS and single cone obturation 
group. 
Heat application decreased setting time of all three sealers; however, BCS did not meet 
ISO requirements’ for setting time. Heat application resulted in minor changes in the 
compositional elements of each sealer but noticeable effects on microstructure of BCS. 
Conclusion: Heat application in warm obturation techniques may modify 
physicochemical properties of root canal sealers. 
 
Keywords: single cone obturation, warm vertical obturation, Bioceramic sealer, 
retreatment, sealing ability, setting time, micro-composition 
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CHAPTER 1 INTRODUCTION 
 
1.1 Root canal obturation and sealers 
Pulpal necrosis and apical periodontitis are created by bacteria and their by-products. One 
of the primary aims of endodontic therapy is to remove debris and clean the root canal 
system through mechanical and chemical means. After removing debris, the canal system 
is obturated with root canal filling material, and this treatment regimen sets the stage for 
postoperative healing1. Obturation is a critical component of root canal treatment. It must 
not only provide a complete seal for the root canal system, but also eliminate all avenues 
of leakage from the oral cavity. Root canal obturation (RCO) involves the three-
dimensional filling of the entire root canal system and is a critical step in endodontic 
therapy2,3. RCO involves the use of gutta-percha in combination with root canal sealer in 
order to fill voids and gaps between the gutta-percha and the root canal walls. Successful 
root canal treatment requires the use of gutta-percha in combination with root canal sealer 
for a three-dimensional obturation. 
 
The main functions of root canal sealers are: (i) forming a bond between the core 
obturation material and the root canal wall, (ii) sealing voids and gaps, including patent 
accessory canals, and multiple foramina, and (iii) acting as a lubricant while facilitating 
the placement of the core obturation material, and (iv) entombing any remaining bacteria. 
Without the use of a sealer, canal obturation exhibits greater leakage4.  Due to the relative 
biological and technical importance of root canal sealers, their physiochemical properties 
have been the subject of considerable attention5. The physicochemical properties of 
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endodontics sealers can interfere in root canal obturation.  These sealers should ideally 
show biocompatibility and exhibit antimicrobial properties6.  
 
1.2 New root canal sealers 
There are many new types of root canal sealers, eugenol-based and eugenol-free, that are 
currently available to clinicians. The new generation of sealers that have been recently 
developed exhibit favorable properties such as: dimensional stability, biocompatibility, 
non-solubility, and antimicrobial effects. Bioceramic-based sealers are considered to be a 
superior material in endodontics. They were found to be biocompatible and comparable 
to other commercial sealers7. Their biocompatibility prevents rejection by the 
surrounding tissues8. In addition, bioceramic-based sealers contain calcium phosphate 
which results in a chemical composition and crystalline structure similar to tooth and 
bone apatite, thereby improving sealer-to-root dentin bonding9. Bioceramic sealers 
demonstrate all the ideal characteristics of a sealer with the additional benefit of bonding 
to dentin and hydrophilic nature.  
 
However, one of the major disadvantages of bioceramic materials is the difficulty in 
removing them from the root canal once they are set, especially in the cases of 
retreatment or post-space preparation10. Gutta-percha is considered to be the gold 
standard for RCO material due to many of the characteristics listed in Grossman’s Ideal 
Properties of RCO Materials. One main favorable aspect of gutta-percha is that it can be 
dissolved in a variety of available solvents such as eucalyptol, chloroform, halothane and 
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to a lesser degree, turpentine.  Therefore, if retreatment is needed, this property of gutta-
percha allows it to be removed relatively easily11,12. However, the use of gutta-percha 
alone is not sufficient to create a three-dimensional seal because it does not bond to the 
canal wall. Therefore, the use of sealer, which helps create adhesion between gutta-
percha and canal walls, is required. 
 
1.3 Bioceramic sealer (BCS) 
BC sealer (BCS), a bioceramic sealer, has recently been introduced by Brasseler, USA 
(Savannah, GA) to provide an obturation method that can be successfully and predictably 
performed by the majority of practitioners by taking advantage of its biocompatibility and 
physical properties8.  The manufacturer claims that BCS is a premixed, injectable, 
radiopaque material composed of calcium phosphate, calcium silicates, calcium 
hydroxide, zirconium oxide, along with filler and thickening agents. BCS is hydrophilic 
and uses moisture in dentinal tubules to initiate and complete its setting reaction.  It has 
been claimed that BCS has no shrinkage upon setting, resulting in a gap-free interface 
between gutta-percha, sealer, and dentin, which makes it the material of choice for a 
single cone obturation technique. It has also been stated that the sealer is highly 
biocompatible and is antibacterial during the setting reaction due of its high alkalinity13. 
Bioceramic sealer has been suggested for a cold, single cone technique, in which lateral 
or vertical condensation is no longer required based on the dimensional stability and 
dentin bonding ability of BCS7. 
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1.4 Statement of the problem 
Sealing root canals and preventing the inward/outward flow of matter, such as bacteria 
and tissue fluid, is the main objective of applying root canal sealers. All new root canal 
sealers, as well as the obturation techniques, must be tested in terms of their ability to 
prevent leakage. Since a new root canal sealer (PACENDO) was used for the first time in 
this study, a sealing ability test should be conducted to evaluate the material in terms of 
preventing leakage. In addition to the new sealer, the combination of Bioceramic sealer 
with warm condensation method should be investigated in order to evaluate its success in 
preventing leakage. 
 
Although BCS is recommended to be used with a simple single cone obturation 
technique, many clinicians have expressed concern toward transitioning from the existing 
condensation technique, which has been used successfully for decades, to a very simple 
bonding-based obturation technique. Therefore, it has been proposed that clinicians 
incorporate bioceramic-based sealers into their existing condensation routine. 
 
Exposing a bioceramic sealer to high temperatures during warm vertical compaction 
might dry out the cement and make it grainy and difficult to manipulate. In addition, the 
ability of retreatment could be affected by applying heat; therefore, usage of low melting 
point gutta-percha has been suggested to address possible negative outcomes of heat 
application. 
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Although some studies have reported that bioceramic sealers are hard to remove from 
root canals during retreatment, no published article has compared the retreatment ability 
of BCS when used with cold single cone technique versus warm compaction technique. 
Heat application can affect sealers properties; therefore, not all sealers should be used in 
conjunction with warm compaction techniques. In fact, sealers should be selected based 
on their compatibility with obturation techniques. Effects of heat application on BCS has 
not been extensively investigated. The newly developed bioresorbable sealer 
(PACENDO) should also be investigated in terms of its compatibility with warm 
compaction technique. 
The setting time and microstructure of sealers could be affected by heat application; 
therefore, further investigation should be undertaken before recommending a sealer for a 
certain method of obturation such as warm compaction technique. 
 
1.5 Objectives 
This study was designed to compare outcomes of teeth obturated with gutta-percha in 
combination with three various root canal sealers, including BCS (Brasseler, Savannah, 
GA, USA), Kerr PCS with extended working time (EWT) (Kerr Corporation, Orange, 
CA), and PACENDO (PacDent, Brea, CA). The obturation methods used in this study 
include warm vertical condensation and single cone techniques. Combinations of each 
sealer/technique were evaluated and compared in terms of sealing ability and the 
potential for retreatment.  The effect of heat application on microstructure and material 
composition of all three sealers was investigated by conducting a SEM/EDS analysis. 
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The setting time of three sealers were also investigated with and without applying heat.  
 
1.6 Research null hypothesis 
● There is no difference between three root canal sealers combined with either cold 
single cone technique or warm vertical condensation in terms of the apical 
leakage. 
● There is no difference between three root canal sealers combined with either 
single cone technique or warm vertical condensation in terms of the ability of 
retreatment. 
● Heat application to sealers does not affect setting time of materials as well as the 
micro structure and composition of the materials.   
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CHAPTER 2 LITERATURE REVIEW 
In 2012, a qualitative evaluation of two endodontic obturation techniques including 
tapered single-cone method versus warm vertical condensation and injection system were 
investigated by Robberecht et al.14,  A total of 42 single-rooted teeth prepared with the 
M-two system, were divided into three groups including control, “Single-cone” (M-two 
gutta-percha single-cone tapered according to the diameter, length and conicity of the 
preparation) and “Combined system” (BeeFill 2-in-1) based on the filling method. The 
authors studied several parameters such as gutta-percha adjustment, apical leakage, 
number of voids, presence or absence of sealer, residual fragments, root canal 
morphology, filling of lateral/accessory canals, and dye penetration by using methylene 
blue.  The teeth were embedded in resin, cut transversely and analyzed. They have found 
that the “Combined system” was statistically superior in terms of apical leakage, gutta-
percha adjustment and filling of lateral/accessory canals. A significant correlation 
between master cone adjustment and root canal morphology has also been demonstrated 
in the “Single-cone” group in their study. A relation between voids and root canal 
morphology and between voids and residual fragments was observed in the “Combined 
system” group. The authors concluded that the quality of obturation with warm gutta-
percha is better than that of the tapered single-cone technique.  
 
An in-vitro comparative study was done by Sultana et al.15, in order to assess the apical 
sealing ability of the resin-based Epiphany-Resilon root canal filling system and to 
compare it with the sealing abilities of different combinations of AH Plus, gutta-percha, 
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Epiphany, and Resilon. In their study, one hundred extracted human maxillary incisor 
roots were treated endodontically. The authors then tested the sealing ability of four 
obturation techniques: canals obturated with gutta-percha and AH Plus sealer; Canals 
obturated with Resilon and Epiphany; Canals obturated with gutta-percha and Epiphany; 
and canals obturated with gutta-percha without sealer. The authors used the dye 
penetration method followed by the clearing method. They found that although all the 
four tested obturation techniques showed microleakage, the "Epiphany soft resin 
endodontic obturation system" had a superior result compared to other obturation 
techniques or materials.  
 
Ballullaya et al.16 used sixty extracted human single rooted teeth in their in-vitro study for 
evaluating microleakage, under stereomicroscope, of different root canal sealers 
including Zinc Oxide Eugenol-based sealer, Sealapex, AH Plus, MTA Plus, EndoRez, 
and Endosequence BC. They found that the lowest and the highest dye leakage was seen 
in Endosequence BC group and Zinc Oxide Eugenol-based sealer, respectively. They 
concluded that bioceramic sealers, being hydrophilic, show better sealing ability 
compared to resin-based and eugenol-based sealers. 
 
It has been shown that bioceramic-based root canal sealers display promising results as 
root canal sealers. However, in the published review study by Haddad et al.7, there is a 
discrepancy in the results of various studies in regard to bioceramic-based root canal 
sealers. The concern is that these sealers do not fulfil all of the requirements of the ideal 
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root canal sealer. The biocompatibility and biomineralization effect of these sealers might 
make them better suited for alternative uses, such as direct pulp capping and root end 
filling. They concluded that further studies were required to clarify the clinical outcomes 
associated with the use of these sealers. 
 
Recently, a study was done by Yilmaz and Karagoz-Kucukay17 to evaluate the efficacy of 
different obturation techniques in regard to the percentage of gutta-percha-filled area in 
vitro. 160 extracted mandibular premolars were prepared to an apical size of 30 by hand, 
then completed shaping using either hand-files or rotary files, either the ProTaper or 
HERO Shaper systems. The authors divided the teeth into eight groups according to the 
following instrumentation and obturation techniques: G1: Hand files + lateral 
condensation (LC), G2: Hand files + Thermafil, G3: ProTaper + LC, G4: ProTaper + 
single-cone, G5: ProTaper + ProTaper-Obturator, G6: HERO Shaper + LC, G7: HERO 
Shaper + single-cone, G8: HERO Shaper + HERO-fill. The teeth were sectioned, and the 
cross-sectional area of the canals and the gutta-percha was measured by digital image 
analysis and the percentage of gutta- percha-filled area was calculated for each section. 
The mean percentage of gutta-percha-filled area in Thermafil, ProTaper-Obturator and 
HERO-fill groups was significantly higher than those of the other groups. Finally, the 
carrier-based gutta-percha obturation systems revealed significantly higher percentage of 
gutta- percha-filled area in comparison to single-cone and lateral condensation 
techniques.  
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In another in vitro comparative study, the influence of root canal obturation using gutta-
percha with three different sealers on root reinforcement of endodontically treated teeth 
was investigated. Treatment groups were obturated using lateral compaction of gutta-
percha and three different sealers (AH Plus®, Apexit®, and EndoSequence® 
BioCeramic™).  The authors found that the use of gutta-percha and a root canal sealer 
reinforces the root dentin, leading to increased fracture resistance against vertical forces 
and, in specific, the bioceramic sealer group exhibited better results18. 
 
The efficacy of retreatment techniques for BC Sealer has been evaluated by Hess et al.19. 
The authors evaluated the efficacy of solvent and rotary instrumentation in the removal of 
gutta-percha and BC Sealer as compared with gutta-percha and AH Plus sealer. These 
researchers instrumented and obturated the mesiobuccal canals of 40 mandibular molars 
with either gutta-percha/AH Plus with warm vertical compaction or gutta-percha/ BC 
Sealer using a single cone method.  The mesiobuccal canals were then retreated using 
heat, chloroform, rotary instruments, and hand files. They also evaluated the ability to 
regain the working length and patency, as well as the time required to remove the 
obturation material.  The results showed that working length was not regained in 70% of 
samples with BC Sealer. Therefore, it has been concluded that conventional retreatment 
techniques are not able to fully remove BC Sealer. 
 
The efficacy of ProTaper Universal rotary retreatment instrumentation in removal of 
single gutta-percha cones cemented with several endodontic sealers has been evaluated. 
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In this study, the canals of 120 palatal roots in maxillary molar teeth were instrumented 
with EndoWave (nickel-titanium rotary instrument) and filled using either Hybrid Root 
SEAL, EndoSequence BC Sealer, Activ GP or AH Plus and matching-taper single gutta-
percha cones. The root fillings were then removed with ProTaper Universal retreatment 
rotary instruments or a manual technique. The authors found that regardless of the sealer 
type and retreatment technique, filling material could not be removed completely from 
the root canals. Finally, the researchers concluded that Activ GP was more effectively 
removed from root canals than AH Plus with hand instrumentation. ProTaper Universal 
retreatment instruments were found to be as safe and effective as hand instruments in 
reaching the working length12. 
 
Warm, vertically-compacted gutta-percha obturation techniques have been developed to 
produce 3-dimensional root canal obturations, along with the use of thermoplasticized 
gutta-percha, and more consistently fill canal irregularities compared to cold gutta-percha 
points. The suitability of some experimental sealers, including Septodont (Saint Maur-
des-Fosses, France), MTA Fillapex (Angelus, Londrina, Brazil), Apexit Plus (Ivoclar, 
Schaan, Lichtenstein), and AH Plus (Dentsply International, Addlestone, UK), with warm 
gutta-percha obturation techniques has been compared. Camilleri20 investigated the effect 
of temperature on sealers, during warm vertical compaction technique, by testing the 
sealers' properties after 1 minute at 37°C or 100°C. He found that the properties of AH 
Plus sealer are modified by heat. Although the setting time is reduced by heat, film 
thickness is increased. He concluded that the choice of sealer should be considered when 
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selecting the obturation technique. He recommended MTA Fillapex and Apexit Plus for 
obturations using warm condensed gutta-percha, whereas he suggests that Septodont 
sealer is more suitable with cold laterally gutta-percha obturation techniques. 
 
The biological and physicochemical properties of BCS-based RCSs, MTA-based, 
calcium hydroxide-based, and epoxy resin-based root canal sealers have been recently 
compared by Colombo et al.21. For this propose two BCS-based sealers and two epoxy 
resin-based sealers, one calcium hydroxide-based sealer and one MTA-based sealer have 
been tested. They found that severe cytotoxic activity was associated with EasySeal and 
MTA Fillapex, whereas AH Plus and SealapexTM showed moderate cytotoxic activity.  
However, BioRoot™ RCS and TotalFill BC Sealer are both cytocompatible. These 
researchers have concluded that the new BCS-based sealers showed acceptable 
physicochemical properties, but BioRoot™ RCS and TotalFill BC Sealer seemed to be 
too soluble, not respecting ISO 6876 requirement. 
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CHAPTER 3 MATERIALS AND METHODS 
In this experimental study, which was performed on human extracted teeth, three 
different types of endodontic sealers, used in conjunction with two different obturation 
methods, were evaluated for quality of apical seal and retreatment property. The three 
sealers included Kerr PCS EWT (Kerr Corporation, Orange, CA, LOT 18-1053), 
Endosequence Bioceramic sealer (BCS) (Brasseler, Savannah, GA, USA, LOT 10-
18001SP), and a new cement known as PACENDO (PacDent, Brea, CA, Rev 04072017) 
(Fig. 1). These sealers were evaluated using two obturation methods: single cone 
technique and warm vertical obturation. 
 
Moreover, the effect of heat application on microstructure and material composition of 
the sealers was investigated using SEM/EDS analysis. In addition, the physical properties 
of the sealers were studied by conducting a setting time test.  
 
Figure 1: Three root canal sealers 
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3.1 Sealing ability (Dye penetration) test 
The first part of this study was designed to evaluate the sealing ability of three different 
sealers in combination with two different obturation techniques. 
 
3.1.1 Root selection, preparation and experimental groups  
Dye leakage test was performed on palatal roots of maxillary molar teeth. The palatal 
roots of 100 maxillary molar teeth were separated at the furcation site using a diamond 
disc. Any palatal roots which presented with any evidence of canal calcification, external 
or internal root resorption, severe curvature or any other unusual anatomy during canal 
preparation, were excluded and replaced.  
 
A #10 Flexofile (DentsplyMaillefer, Tulsa, OK) was extended 1mm past the anatomical 
apex in order to confirm the patency of each root. The working length (WL) of each canal 
was determined using a #10 Flexofile 1mm short of where the file tip exited the root 
surface. The canal was instrumented using crown-down technique with EndoSequence 
0.04 and 0.06 tapered nickel-titanium rotary files (Brasseler, USA) at 500 revolutions per 
minute (rpm) to reach the master apical file (MAF) size of 35, 0.06. Irrigation was 
performed using 5 mL of 6% NaOCl (Canalpro, Coltene, USA). Removal of the smear 
layer was conducted by irrigating with 5 mL 17% EDTA (Canalpro, Coltene, USA) 
followed by 5 mL 6% NaOCl and a final rinse with 2 mL of sterile saline. All the 
irrigations were performed using a 30-G Max-I-Probe irrigating needle (Dentsply, USA). 
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The canal was then dried with paper points. A #10 Flexofile was applied to reconfirm the 
patency prior to obturation. 
After performing canal preparation using rotary instruments, roots were randomly 
divided into six experimental and two control groups. Each experimental group included 
15 roots filled with gutta-percha, one of the three applied sealers in this study, and using 
either single cone or warm vertical obturation technique. The experimental groups were 
as follows:  
 
Group 1: Kerr PCS EWT/ warm vertical obturation 
Group2: BCS/ warm vertical obturation 
Group3: PACENDO/ warm vertical obturation 
Group4: Kerr PCS EWT/ single cone obturation 
Group5: BCS/ single cone obturation 
Group6: PACENDO/ single cone obturation 
 
Ten roots were used as positive and negative control groups; each control group contains 
five roots. 
In the single cone technique, each sealer was used with a single bioceramic gutta-percha 
cone (Brasseler, USA, LOT 10-7296G). The sealers were prepared and applied according 
to manufacturer's recommendations and a size 35 0.06 Gutta-percha cone was placed to 
the full working length. The cone was cut and packed at orifice level using a heat plugger 
(B&L Biotech, USA) which was set at 200 ̊C. In the warm vertical obturation technique, 
a size 35 0.06 bioceramic gutta-percha master cone was placed to the full working length 
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after applying the sealer. Excess master cone was seared off at the orifice level with a 
heat plugger (System B, Kerr, USA) and the softened gutta-percha was lightly compacted 
at the orifice. Down pack was completed by a multiple wave of compaction using system 
B and Schilder pluggers (Dentsply, USA) until 5mm of apical filling remained.  The mid-
root and coronal parts of the canal were backfilled with low melting gutta-percha pellets 
(Brasseler, USA, LOT 01-7296G) using a B&L obturator (B&L Biotech, USA). 
The quality of obturation was evaluated by taking post-obturation, radiographs. In order 
to minimize the number of variables and to maintain the uniformity of the study, roots 
with inappropriate obturation and significant voids were excluded and replaced. 
 
3.1.2 Dye penetration test  
When obturation was completed, the orifice of each canal was sealed with Fuji IX GP 
glass ionomer restorative material (GC America Inc., Alsip, IL).  All the specimens were 
stored at 37°C in an incubator with 100% humidity for 14 days in order to ensure 
complete setting of the sealer. Specimens were dried, and all the surfaces, except the 
apical 3 mm, were coated with two layers of nail varnish (Fig. 2). After sufficient coating 
of the root surfaces, all specimens were immersed in room temperature 2% methylene 
blue dye solution followed by a 10 minutes’ centrifugation at 3,000 rpm to accelerate dye 
penetration. All the roots were rinsed, dried and longitudinally sectioned with a diamond 
disk into halves. Images were acquired from each half of the sectioned roots along with a 
scale ruler. The depth of dye penetration was measured using Image J software (Fig. 3). 
The longest distance from root tip to the visible dye in any of two halves was recorded as 
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dye penetration depth of each sample. Samples with evidence of dye penetration from the 
root orifices not root tips were excluded as coronal seal failure.  
 
Figure 2: Root preparation for dye leakage test. A: radiographic evaluation of obturation, B: root 
surface inspection, C: 3 mm root tip determination, D: Nail varnish coverage 
 
Figure 3:  Measurement of dye leakage by using ImageJ software. A: two halves of a sample, B: 
software ruler, C: software measurement table 
 
 
 
A 
B 
C 
B A C D 
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Control groups 
 
Ten roots were prepared and used as the negative and positive controls. For negative 
control, five canals were filled with gutta-percha only, using single cone method. Roots 
of the negative control groups were sealed with Fuji IX GP glass ionomer restorative 
material at the coronal end and completely coated with two layers of nail varnish to 
prevent any leakage inside the canal space. For positive control, five canals were filled 
using gutta-percha only, without any sealer. The coronal ends the roots were sealed. 
Except for the apical 3 mm, all the roots were coated with two layers of nail varnish 
before being immersed in 2% methylene blue dye. 
Control specimens were immersed in the dye and centrifuged exactly the same as the 
experimental specimens. These samples were sectioned and examined to evaluate the 
accuracy of the study design.  
 
3.2 Retreatment potential test 
A total of 105 mandibular first and second molar teeth with single canal in distal root 
were included in the present study. Distal roots were cut from furcation site using a thin 
diamond disc.  The exclusion criteria used were the same as those applied in the sealing 
ability test. The seven experimental groups of this study, each containing 15 roots, were 
as follows:  
Group 1: Kerr PCS EWT/ warm vertical obturation 
Group2: BCS/ warm vertical obturation 
Group3: PACENDO/ warm vertical obturation 
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Group4: Kerr PCS EWT/ single cone obturation 
Group5: BCS/ single cone obturation 
Group6: PACENDO/ single cone obturation 
Group 7: BCS/ single cone obturation (for this group, additional ultrasonic cleaning was 
applied after conventional retreatment procedure)  
 
Preparation and obturation were performed as described for the sealing ability test.  
Conventional retreatment was conducted on the specimens, which were placed in an 
incubator at 37°C and 100% humidity for two weeks.  
 
To measure the required time to regain working length, an electronic stop watch was 
used. A 200 °C B&L tapered plugger was inserted into the canal, to remove coronal 
obturation material, until resistance was felt. Three to four drops of chloroform (Sultan, 
USA, LOT 170308) were then deposited into the reservoir. EndoSequence 0.04 and 0.06 
tapered NiTi rotary files were then introduced into the canal system at 500 rpm using a 
crown-down technique. The rotary instruments were advanced 2 to 3 mm into the canal 
system followed by flute clearing. This process was repeated until either the working 
length (WL) or resistance was reached and advancement of the rotary instrument was no 
longer possible. The chronometer was stopped when the pre-measured WL was reached, 
and patency was established by detecting a hand file size #10 passing the apical foramen. 
The time required to perform this procedure was recorded. Removal of the remaining 
obturation material was completed by performing crown-down instrumentation using 
EndoSequence 0.06 rotary files to size 40, 0.06 at 500 rpm to the WL. In the case of 
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blockage of the WL, small hand files (C-Files, C+ Files, and Flexofiles sizes 8, and 10) 
(Dentsply, USA) were used in an attempt to penetrate or bypass the blockages. The time 
required to establish patency was recorded prior to instrumentation of the canal to the WL 
using the EndoSequence 0.06 rotary instrument technique described above. Cases in 
which patency was not achieved were considered failures and were recorded. The ability 
to reach the working length and regain patency was considered as successful retreatment. 
The required time to re-establish patency was determined as retreatment time. Possible 
extrusion of filling material from the root apex was recorded for each sample and the 
extruded materials were collected in a small container and weighed using a digital scale.  
 
Irrigation was performed with 5 mL of 6% NaOCl. Post-instrumentation removal of the 
smear layer was performed by irrigating with 5 mL 17% EDTA followed by 5 mL 6% 
NaOCl and a final rinse with 2 mL of sterile saline. A 30-G Max-I-Probe irrigating 
needle (Dentsply, USA) was used to perform all irrigations. The canal was then dried 
using paper points.  
 
After completing the retreatment phase, the specimens were longitudinally sectioned. 
Images were acquired from the root halves and the remaining sealer and gutta-percha 
debris left on the canal surface was calculated by measuring the canal area which was 
covered with sealer/gutta-percha using ImageJ software (Fig. 4). 
The time required to re-establish patency, the amount of extrusion of the filling material 
from the apex, the canal surface area covered with the sealer residue (presented as 
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percentage), the canal surfaces area covered with gutta-percha residues (presented as 
percentage) and the location of the residual material in the canal was reported for each 
sample, and the data was analyzed using various statistical tests with JMP software. 
In the present study, the seventh group was added to investigate the effect of ultrasonic-
activated irrigation on sealer residue removal. Type of sealer and obturation technique in 
this group were the same as those in the fifth group (BCS and single cone obturation). 
Moreover, the same retreatment method was applied. However, after completing 
retreatment, an ultrasonic irrigation tip in presence of 17% EDTA was applied for two 
minutes to clean the canal walls from sealer residue. 
 
Figure 4: Root sections after retreatment experiment 
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3.3 Setting time test 
In order to investigate the effect of heat application on the setting time of the three tested 
sealers, a stainless-steel plate consisting of cylindrical molds with a diameter of 12 mm 
and a depth of 3 mm were used. Microscope glass slides were used to block the bottom 
side of the molds, then molds were filled with the sealers (Fig. 5). The setting test was 
performed in two different environments which differed in the amount of humidity and 
heat treatment. In the first test, six molds were used for each sealer. No heat was applied 
to three molds of each cement group, while the other three molds were exposed to a 
direct heat of 200 °C for 2 seconds using a heat plugger to simulate heat condition of 
warm obturation techniques. The sets of the molds were then placed inside plastic 
containers and 5x5 moist gauze were placed in the container to provide a relatively 100% 
humid environment. The whole package was then transferred to an incubator of 37 ° C, 
and each mold was examined at a specified time interval in order to evaluate setting. 
 
In the second test, eight molds were used for each cement. Two molds did not receive any 
heat, while the other six molds were divided into three groups of two. Each group was 
exposed to a direct heat of 200 °C for either 2, 3 or 5 seconds. The molds were then 
placed inside a plastic container containing water and the container lid was sealed using 
wet paper towel prior to being transferred to an incubator at 37 °C. 
 
The time intervals used to examine the setting time of the sealers was chosen to be every 
30 minutes until the surface setting of the sealers was observed. After observing the 
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primary surface setting of each of the sealers, the intervals of the examination were 
decreased to 15 minutes. 
 
An electronic Digimatic Indicator (Fig. 6) was used to study the setting time of the 
sealers. This indicator transmitted a force equivalent to 200 grams to a spherical probe 
with a 2 mm diameter22. Setting time was defined as the shortest time interval when the 
indicator probe failed to create a depth of more than 200 μm on the surface of the sealers.  
 
The setting time for each sealer was recorded in heated and unheated molds and the effect 
of heat application on setting time was investigated by comparing different setting times 
for each sealer. The resulting data was analyzed to determine the effect of various heat 
application times on the setting times of each of the sealers. 
 
 Figure 5: Stainless steel mold for setting time test 
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Figure 6: Electronic Digimatic Indicator for setting time test 
 
3.4 SEM/EDS analysis 
In order to investigate the effect of heat application on the microscopic structure and 
composition of each sealer, an aliquot of each sealer (equivalent to one drop) was placed 
on an aluminum SEM stub (Fig. 7). No heat was applied to materials on one stub, and the 
materials on the second stub were heated at 200 °C for three seconds. The stubs were 
placed in a container with wet gauze and transferred to an incubator for 14 days to 
complete setting of the materials. The specimen was then placed in a scanning electron 
microscope (Hitachi SU6600, Japan) and examined using 15kV accelerate voltage under 
500, 1k, 2k, 5k, 10k magnification and the back-scatter electron mode was used for image 
acquisition. EDS elemental analysis was performed for each heated and unheated sealer 
sample using 200× magnification. 
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Microscopic images and data of the composition of each sealer in two non-heated and 
heated samples were analyzed and compared. 
 
Figure 7: Aluminum disk stub with three sealers for SEM/EDS analysis 
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CHAPTER 4 RESULTS 
 
4.1 Sealing ability experiment 
Results of Dye penetration test was assessed in regards to the sealer choice and the 
obturation technique which was applied to fill the root canals. 
 
4.1.1 Sealing ability test in control groups 
The results of the dye leakage test indicated that in the positive control group, dye 
penetration occurred throughout the root length, from the apex to the coronal orifice, in all 
five samples, while no evidence of dye leakage was observed in samples of the negative 
control group (Fig. 8). 
   
Figure 8: complete penetration of dye in a positive control sample (left) versus no dye penetration in 
a negative control sample (right) 
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4.1.2 Sealing ability test in experimental groups 
In the six experimental groups, the dye penetration rate was reported as a percentage of 
the root length which the dye had penetrated. For each sample, the highest penetration 
depth of the dye into each half of the root, relative to the anatomical apex, was considered 
as sample's penetration rate. Five of the 90 samples were excluded due to coronal seal 
failure. Therefore, statistical analysis was performed on 85 samples which were divided 
into six groups. The mean of the percentage of leakage in the experimental groups are 
presented in table 1. 
 
Table 1: The mean and SD of dye penetration depth in six experimental groups 
 DYE DEPTH% 
SEALER Obturation  
Technique 
N Mean Std Dev CV 
BCS SC 15 14.39 17.61 122.32 
 WV 14 16.31 17.21 105.53 
KERR PCS SC 15 24.25 15.99 65.95 
 WV 13 19.74 29.28 148.32 
PACENDO SC 13 22.64 10.92 48.25 
 WV 15 16.83 25.27 150.18 
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Furthermore, the depth of dye penetration in the experimental groups, presented in 
percentage, relative to the length of the canal is shown in the following graph and table 
(Fig. 9 and Table. 2). 
 
Data analysis using Two-way ANOVA indicated that there were no significant differences 
in dye leakage between various types of sealer or obturation technique (P values: 0.4, 0.5 
respectively), Moreover, there was no interaction between the applied sealer and obturation 
technique (P value: 0.7) in terms of the effect on the degree of dye leakage (Fig. 10). 
 
Figure 9: The mean of dye depth % in six experimental groups 
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Table 2: The mean of dye depth (mm and %) for sealers and obturation techniques alone and in 
combination 
 Sealers regardless to the 
obturation technique 
Obturation techniques 
regardless to the sealers 
 BCS Kerr 
PCS 
PACENDO WarmVertical 
(WV) 
Single Cone 
(SC) 
Mean of dye 
depth 
mm/SD 
2.56 3.80 3.38 3.31±4.46 3.19±2.96 
Mean of dye 
depth %/SD 
18.14 27.34 24.88 23.05±30.97 23.86±22.51 
 Pr > F for sealers: 0.44 Pr > F for technique: 0.88 
 
 Combination of sealers with obturation techniques 
 BCS+WV KerrPCS+SC KerrPCS+W
V 
PACENDO
+ SC 
PACENDO+ 
WV 
Mean of dye 
depth 
mm/SD 
3.14±4.04 3.28±2.10 4.31±5.53 4.30±3.79 2.46±3.70 
Mean of dye 
depth %/SD 
21.89±27.24 24.24±15.99 30.44±39.14 32.95±29.03 16.82±25.27 
 Pr > F for technique+sealers: 0.22 
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Figure 10: A: Dye penetration depth (in percentage) in obturation techniques, B: Dye penetration 
depth (in percentage) in various sealers  
 
Since there was no leakage (0% dye penetration) in several samples, Pearson test and 
likelihood ratio analysis were performed in order to investigate the relationship between 
choosing a specific type of sealer and the likelihood of absence of leakage, as well as the 
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possible relationship between choosing a specific obturation technique and absence of 
dye leakage. 
 
There was no significant relationship between the choice of sealer and the likelihood of 
absence of dye leakage. However, the findings of the present study indicated that there was 
a significant relationship between the type of obturation technique and the probability of 
absence of leakage. This relationship seems to be in favor of choosing the warm vertical 
obturation rather than the single cone technique (Table 3 and Fig. 11). 
 
Table 3: Likelihood Ratio/Pearson analysis of having no leakage in regards to sealer choice versus 
obturation technique 
Test Chi Square Prob>ChiSq 
Likelihood Ratio/sealer 0.461 0.7941 
Pearson/sealer 0.471 0.7902 
Likelihood Ratio/obturation 3.901  0.0482* 
Pearson/obturation 3.812  0.0509 
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Figure 11: Likelihood analysis of having leakage (Y: Yes) versus no leakage (N: No) in regards to 
sealer choice and obturation technique  
  
33 
4.2 Retreatment ability experiment 
Several parameters were investigated in the retreatment capability section including 
retreatment time, extrusion of filling materials, sealer residue after retreatment, gutta-
percha residue after retreatment and effect of ultrasonic-activated irrigation on sealer 
residue. In general, the success rate of regaining patency in this study was 100% and we 
were able to successfully reestablish patency in all root canals without any procedural 
errors. 
 
4.2.1 Procedure time 
The time required for patency re-establishment in seconds was calculated as the procedure 
time (Table 4). Figure 12 illustrates the procedure time of the six experimental groups. 
 
Table 4: Mean and SD of procedure time in different groups 
 Time(s) 
Sealer Obturation technique N Mean Std Dev CV 
BCS single cone 15 213 46 21.55 
  warm vertical 15 182 30 16.34 
Kerr PCS single cone 15 144 26 18.10 
  warm vertical 15 163 19 11.67 
PACENDO single cone 15 151 37 24.27 
  warm vertical 15 147 27 18.61 
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Figure 12: Retreatment (patency reestablishment) time of six experimental groups 
 
Data analysis using Two-way ANOVA demonstrated a significant difference in procedure 
time between the groups treated with various types of sealer (p value < 0.0001). The longest 
calculated retreatment time was that of the BCS group compared to the other Kerr PCS 
EWT and PACENDO sealers groups. No significant difference was detected in the 
retreatment time between Kerr PCS EWT and PACENDO group (Table. 5, Fig. 13).  
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 Figure 13: Differences in re-treatment time based on the type of the sealer 
 
 Table 5: ANOVA table of retreatment time of sealers 
Level  Difference Std Err Dif Lower CL Upper CL p-Value 
 BCS PACENDO 48.00000 8.560156 27.5883 68.41166 <.0001* 
 BCS Kerr PCS 43.63333 8.560156 23.2217 64.04499 <.0001* 
 Kerr PCS PACENDO 4.36667 8.560156 -16.0450 24.77833 0.8666 
 
The same analysis indicated no significant difference in the re-treatment time between the 
two types of obturation technique (Fig. 14, Table 6). 
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Figure 14: Differences in retreatment time based on the type of obturation technique 
 
Table 6: ANOVA table of retreatment time of obturation techniques  
Source DF Sum of Squares Mean Square F Ratio Prob> F 
Obturation technique 1 608.40 608.40 0.3900 0.5339 
Error 88 137286.49 1560.07   
C. Total 89 137894.89    
 
The probability of an interaction between the type of the applied sealer and the obturation 
technique was investigated using two-way ANOVA. Data analysis indicated that 
application of the BCS sealer with the single cone obturation technique was associated with 
an increase in the time of the retreatment process (Fig. 15, Table 7).  
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Figure 15: Interactive effect of sealer choice and obturation technique on retreatment time 
 
Table 7: Effect of sealer choice /obturation technique on retreatment time 
Source Nparm DF Sum of Squares F Ratio Prob> F 
Sealer 2 2 42269.356 20.6679 <.0001* 
Obturation technique 1 1 608.400 0.5950 0.4427 
Sealer*Obturation technique 2 2 9120.067 4.4593 0.0144* 
 
Based on the obtained results, the selection of BC sealer with the single cone obturation 
technique resulted in a longer retreatment time compared with warm vertical obturation 
(Fig. 16). 
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Figure 16: Retreatment time in single cone versus warm vertical obturation with BCS  
 
4.2.2 Filling material extrusion 
Extrusion of the root filling material from apex during retreatment was the second 
parameter in this part of the study. The number of cases and the amount of the extruded 
material (mg) were recorded and investigated (Table 8). Status of the six experimental 
groups in terms of apical extrusion is shown in Figure 17. 
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Table 8: Mean and SD of filling material extrusion  
 filling material extrusion(mg) 
Sealer Obturation technique N Mean Std Dev CV 
BCS single cone 15 0.4267 0.7914 185.49 
  warm vertical 15 0.5600 0.7971 142.35 
Kerr PCS single cone 15 0.2400 0.5152 214.67 
  warm vertical 15 0.3533 0.6379 180.55 
PACENDO single cone 15 0.4267 0.6829 160.06 
  warm vertical 15 0.3173 0.6710 211.44 
 
 
Figure 17: Extrusion of root filling materials in six groups 
 
  
  
40 
Findings of the present study showed no significant difference regarding apical extrusion 
of the materials considering the type of sealer (Fig.18, Table 9) or obturation technique 
(Fig. 19, Table 10). Furthermore, no interaction was observed between the applied sealer 
and the obturation techniques. 
 
Figure 18: Extrusion of filling material (mg) based on the type of sealer 
 
Table 9: Extrusion of filling material (mg) based on the type of sealer 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
BCS Kerr PCS 0.1966667 0.1755788  -0.222000 0.6153336 0.5043 
BCS PACENDO 0.1213333 0.1755788  -0.297334 0.5400002 0.7693 
PACENDO Kerr PCS 0.0753333 0.1755788  -0.343334 0.4940002 0.9036 
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Figure 19: Extrusion of filling material (mg) based on the obturation technique 
 
Table 10: Extrusion of filling material (mg) based on the obturation technique 
Source DF Sum of Squares Mean Square F Ratio Prob> F 
obturation technique 1 0.047151 0.047151 0.1018 0.7505 
Error 88 40.774009 0.463341   
C. Total 89 40.821160    
 
4.2.3 Post-retreatment sealer residue on the root canal surface 
The amount of root canal surface that remained covered with the sealer, after re-treatment, 
in relation to the total internal surface of the root canal was reported as the percentage of 
the root canal (Table 11). The highest amount of sealer residue was observed in the 
experimental group treated with Bioceramic sealer and single cone obturation, while the 
lowest amount was that found in the group treated with PACENDO sealer and warm 
vertical obturation (Fig. 20).  
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Table 11: Mean and SD of sealer residue 
 canal area covered with sealer% 
sealer obturation technique N Mean Std Dev CV 
BCS single cone 15 30.530 8.941 29.29 
  warm vertical 15 26.011 9.132 35.11 
Kerr PCS single cone 15 18.439 12.503 67.81 
  warm vertical 15 13.240 6.187 46.73 
PACENDO single cone 15 18.618 7.489 40.22 
  warm vertical 15 12.593 4.804 38.15 
 
 
Figure 20: sealer residue in six experimental groups  
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The results of this study indicated that the sealer type does have an effect on the amount of 
sealer residue. There was a significant difference in the amount of the sealer residue 
between BCS and the other two sealers. However, the difference between the PACENDO 
sealer and Kerr PCS EWT was not significant (Table 12). 
 
Table 12: Differences between sealers in regards to sealer residue 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
BCS PACENDO 12.66510 2.273928 7.24292 18.08727 <.0001* 
BCS Kerr PCS 12.43097 2.273928 7.00880 17.85315 <.0001* 
Kerr PCS PACENDO 0.23413 2.273928  -5.18805 5.65630 0.9942 
 
Moreover, the use of a warm vertical obturation technique resulted in a lower amount of 
sealer residue compared to the single cone obturation technique. (Fig. 21, Table 13). 
 
 
Figure 21: Sealer residue in two different obturation techniques   
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Table 13: Effect of obturation technique on sealer residue 
Source DF Sum of Squares Mean Square F Ratio Prob> F 
obturation technique 1 619.6706 619.671 5.8774 0.0174* 
Error 88 9278.0451 105.432   
C. Total 89 9897.7157    
 
The obtained results did not indicate any interaction between various types of the sealer 
and the two obturation techniques. 
 
4.2.4 Post-retreatment gutta-percha residue on the root canal surface 
In this part of the study, the same method used to measure the post-retreatment sealer 
residue on the root canal surface was applied to evaluate the amounts of remaining gutta-
percha residue. The results were reported as percentages (table 14). In most of the samples, 
gutta-percha was effectively removed from the canal using the retreatment technique. The 
type of the sealer and method of obturation did not induce any significant effect on the 
amounts of remaining gutta-percha residue. (Figs. 22, 23, 24, Tables 15,16). 
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Table 14: Mean and SD for gutta-percha residue 
 canal area covered with Gutta-percha% 
sealer obturation technique N Mean Std Dev 
BCS single cone 15 1.0% 1.72% 
  warm vertical 15 4.0% 6.49% 
Kerr PCS single cone 15 2.3% 4.37% 
  warm vertical 15 2.8% 4.37% 
PACENO single cone 15 1.8% 5.04% 
  warm vertical 15 2.7% 5.94% 
 
 
Figure 22: Differences in the gutta-percha residue in six experimental groups  
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Figure 23: Differences in gutta-percha residue based on type of the sealer  
 
Table 15: Effect of sealer type on the gutta-percha residue  
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Kerr 
PCS 
PACENDO 0.0028900 0.0126669  -0.027314 0.0330942 0.9717 
BCS PACENDO 0.0020900 0.0126669  -0.028114 0.0322942 0.9851 
Kerr 
PCS 
BCS 0.0008000 0.0126669  -0.029404 0.0310042 0.9978 
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Figure 24: Differences in the gutta-percha residue based on obturation techniques 
 
Table 16: Effect of obturation technique on the gutta-percha residue 
Source Log Worth P Value 
obturation technique 0.794 0.16064 
sealer*obturation technique 0.236 0.58110 
sealer 0.012 0.97261 
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4.2.5 Ultrasonic effects on removal of the sealer residue from the root canal space 
The results obtained from group seven was compared with those of the fifth group, which 
showed that although ultrasonic intervention clearly reduced the amount of the sealer 
residues, it was unable to completely clean the BCS from the canal walls (Fig. 25, Table 
17). 
 
 
Figure 25: Effect of ultrasonic active irrigation on BCS residue 
 
Table 17: Effect of ultrasonic active irrigation on BCS residue 
Level Number Mean Std Error Lower 95% Upper 95% 
BCS 15 30.5304 1.8130 26.817 34.244 
BCS-Sonic 15 18.4734 1.8130 14.760 22.187 
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The results of another analysis on specific areas of the canal which were covered with 
Bioceramic sealer indicated that the ultrasonic technique was mainly able to remove the 
sealer residue from the apical region but not the mid-root and the coronal regions. This 
may be due to the fact that the thickness of the sealer is more likely to be greater in the 
mid-root and coronal regions compared to the apical region. (Fig. 26).  
 
Figure 26: Contingency plot of various regions of canal covered with Bioceramic sealer 
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4.3 Setting time experiment 
This part of the study investigated the effect of heat application on setting time of the 
sealers. Setting time of the sealers in two conditions, unheated and directly heated at 200 
˚C for three seconds, is presented in Table 18.  Bioceramic sealer did not show complete 
setting under the condition of this study in an experiment period of two weeks. Table 19 
presents the results of setting time test in a saturated environment, in terms of humidity, 
and in heated condition for two, three, and five seconds. 
Table 18: Setting time (hours) in a humid environment 
Sealer Heated Unheated 
Kerr PCS EWT 100 126 
BCS* > 336 * > 336 * 
PACENDO 123 148 
* Did not show complete setting within the experiment period of two weeks. 
 
Table 19: Setting time (hours) in a water bath for different heating time experiments  
sealer Non heated Heated 2 s Heated 3 s Heated 5 s 
BCS 232 232 173 173 
Kerr PCS EWT 3 3 3 3 
PACENDO 2 2 2 2 
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4.4 SEM study and Elemental Analysis using EDS 
Comparing the electron microscopic images, using 500, 1k, 2k, 5k, 10k magnifications, 
indicate that the direct application of 200 °C heat for three seconds did not induce any 
significant changes in the micro-structure of the Kerr PCS EWT and PACENDO sealers. 
 
However, the microscopic structure of the BCS was transformed from a totally 
homogeneous and non-crystalline pattern to an irregular crystalline structure (Figs. 27, 28, 
29, 30, 31, 32). 
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Figure 27: SEM pictures of Kerr EWT non-heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k)  
A B 
C 
D E 
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Figure 28: SEM pictures of Kerr EWT heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k)  
A B 
C 
D E 
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Figure 29: SEM pictures of BCS non-heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k)  
A B 
C 
D E 
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Figure 30: SEM pictures of BCS heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k) 
A B 
C 
D E 
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Figure 31: SEM pictures of PACENDO non-heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k)  
A B 
C 
D E 
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Figure 32: SEM pictures of PACENDO heated sealer (A: 500, B: 1k, C: 2k, D: 5k, E: 10k)  
A B 
C 
D E 
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For each of the three sealers, the elemental analysis (EDS) was performed on both unheated 
and heated materials. The application of heat induced the slightest changes in the 
composition of the Kerr PCS EWT sealer, while the most significant change was detected 
in the Bioceramic sealer. The following Tables represent the amount of elements of each 
sealer in percentage (Tables 20, 21 and 22). 
 
Table 20: Elements of Kerr PCS EWT in unheated and heated conditions 
Element Wt% 
 
Kerr PCS EWT 
C O Na Al Zn Ag Total 
Unheated 51.57 14.99 3 0.58 29.42 0.44 100 
Heated 52.74 14.07 2.9 0.33 29.22 0.74 100 
 
Table 21: Elements of PACENDO in unheated and heated conditions 
Element Wt% 
 
PACENDO 
C O Na Al Zn Bi Total 
Unheated 58.9 13.76 2.79 0.81 20.71 3.03 100 
Heated 62.98 11.91 2.32 2.1 17.93 2.76 100 
  
  
59 
Table 22: Elements of Bioceramic sealer in unheated and heated conditions 
Element Wt% 
 
BCS 
C O Al Si Ca Zr Total 
Unheated 20.66 45.46 2.4 0.41 18.5 12.57 100 
Heated 19.47 38.85 10.97 0.27 23.88 6.56 100 
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CHAPTER 5 DISCUSSION 
A wide variety of RCSs are available commercially. Sealers based on Zinc Oxide-Eugenol 
(Kerr PCS EWT and a new cement known as PACENDO) and Bioceramic sealer were 
included in our study. It is well known that the quality of RCO is the most important factor 
in the success or failure of endodontic treatment, as it directly affects the outcome of 
endodontic therapy23. The primary aim of this study was to compare the sealing ability and 
potential for retreatment of teeth obturated with gutta-percha, in combination with three 
various RCSs, in conjunction with warm vertical condensation and single cone techniques. 
The changes in microstructure and material composition resulting from heat application 
were also investigated by SEM/EDS analysis. Moreover, a setting time test was conducted 
to assess any change in physiochemical properties of tested materials as a result of heat 
application. 
 
Evaluation of the sealing ability of the endodontic sealers and techniques, especially as an 
initial screening for newly developed filling materials, has received a great deal of 
attention24. Achieving a hermetic seal by entirely filling the root canal space prevents it 
from becoming a breeding ground for microorganisms and blocks off a source of nutrients 
that help initiate and maintain periradicular inflammation. Ideally, a RCS should be capable 
of producing a bond between the core filling material and the root dentin, effectively 
preventing leakage. This may well be the largest cause of failure in endodontic therapy, 
even years after treatment is completed. Based on these facts, leakage studies have been 
most commonly used to evaluate the different aspects involved in the process of RCO24.  
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Several methodologies have been proposed to evaluate the sealing ability of root canal 
filling materials, including evaluation of bacterial penetration, protein complex, analysis 
of radiolabeled tracer penetration, fluid filtration, human saliva, and dye leakage. Leakage 
research on the sealing properties of endodontic materials has also played an important role 
in their development25.  
 
Although dye-penetration studies, using methylene blue as a tracer for dye penetration, 
give questionable results, they are commonly used because they are easy to accomplish 
and do not require sophisticated materials26. We used methylene blue as the tracer for dye 
penetration in this study. In the present study, the data obtained from dye leakage test 
showed that dye penetration occurred throughout the root length, from the apex to the 
coronal orifice, in all of positive control groups, while no evidence of dye leakage was 
observed in samples of the negative control group.  
 
Although no significant difference was observed in mean percentage of dye depth or dye 
leakage amongst the various sealers and techniques of each group, the best results belonged 
to BCS with single cone technique. This may be because the BCS sealer has been 
manufactured specifically for use with the single cone technique. In addition, the specific 
gutta-percha used has been impregnated with bioceramic materials and results in the 
formation of an integrated bond between the BCS, GP, and canal wall to create a possible 
monoblock. 
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The large standard deviation for dye leakage percentage as it is shown in table1 could be 
related to the fact that we reported the mean percentage of the leakage for each 
sample/group instead of reporting our result on an ordinal base as many other studies used 
a subjective ordinal classification to report their result. In addition, we had many samples 
with 0% (no leakage) that resulted in a larger standard deviation. The present study 
indicated that there was a significant relationship between the type of obturation technique 
and the probability of lack of leakage. This relationship seems to be in favor of the warm 
vertical obturation rather than the single cone technique. It has been demonstrated that the 
teeth obturated using the single-cone technique had a higher leakage than that of 
compaction technique. Heating and plugging the GP allows tighter adaptation of the canal, 
which enhances apical hydraulic pressure and propels the sealer cement into the anatomical 
variations14. In addition, a common cause of failure with single cone obturation technique 
is a degradation of the cement at the apical foramen either by dissolution or chemical bond 
breakage, allowing for microleakage and finally resulting in endodontic failure27. 
 
One of the basic properties of an ideal root canal sealer is the ability to be removed in cases 
of retreatment28. Therefore, complete removal of root filling material is important step in 
endodontic retreatment therapy29. Apart from the retreatment technique and 
armamentarium, the type of obturation material and the obturation technique can also affect 
the removal ability of the root filling30. Our results revealed that the complete removal of 
filling material from the root canal was not achieved in any of the groups. In many cases, 
removal of root filling material is a time-consuming and tedious process, especially when 
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the filling material is well condensed or in narrow and curved canals. In addition, studies 
have shown that the ability to remove BC sealer and regain patency may not be possible in 
a small percentage of cases31. We succeeded in regaining patency in all of the samples 
(100% success rate), however we were not able to remove all of the residual sealer. Similar 
to our findings, Kakoura and Pantelidou reported residual material debris in all samples of 
their study regardless of the sealer used. In their study all the sealers were removed to a 
similar extent and WL and patency were reestablished sufficiently in all groups32. 
 
In this study, several outcomes were investigated in regards to retreatment ability. The time 
required for patency re-establishment was the first parameter. The obtained data from 
retreatment time showed that a significant difference was detected between groups with 
various sealers and obturation techniques. Regardless of obturation technique, the longest 
retreatment time belonged to the BCS group compared to the other sealer groups. In 
addition, we found that the use of a BC sealer with the single cone obturation technique 
resulted in the longest retreatment time compared to other groups. It has been demonstrated 
that single cone obturation with BCS and gutta-percha may result in blockage of the apical 
foramen and a loss of patency19. The long retreatment time observed in the BCS with single 
cone obturation group may be attributed to the additional time and effort required in order 
to regain patency in several BCS samples19. Single cone obturation may also result in a 
thicker layer of sealer specially in the middle and coronal parts of the canal comparing to 
the warm vertical obturation technique that minimizes sealer thickness by applying a 
combination of heat and controlled condensing forces to ensure that the canal space is 
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mainly filled with gutta-percha.  In a very recent study, Eymirli et al. 31 reported that the 
use of gutta-percha cone in conjunction with sealer facilitates removal of the root filling to 
the working length whereas the working length could not be achieved in cases which were 
filled with BC sealer alone without a core filling material. 
 
Extrusion of root filling material from the apex during retreatment was the second most 
important parameter in this part of the study. However, no significant difference was seen 
regarding apical extrusion of the materials when comparing the type of sealer or obturation 
technique in our study. In general, we had very few cases of filling material extrusion 
during the retreatment procedures in all groups showing that by careful control of working 
length the chance of pushing obturation materials beyond the apex and the amount of 
extruded material is very low. Having only few samples of extrusion with negligible 
amount of the extruded material versus majority of samples with no (0) extrusion, resulted 
in a large standard deviation as it is shown in table 8.  
  
We used NiTi rotary instruments to remove the filling material from the root canal system. 
The use of NiTi rotary instruments has been recommended for GP removal and their 
efficacy, cleaning ability and safety has been demonstrated. Moreover, the use of this 
technique during retreatment may reduce patient and operator’s fatigue33. Several 
techniques including ultrasonic instruments, rotary instruments and hand files in 
combination with heat and chemicals have been developed to enhance the removal of 
filling material from the root canal system. Sherif et al.34 showed that none of the above-
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mentioned techniques were capable of completely removing the filling material without 
any residue. New root canal filling materials must not only be developed to increase the 
success of endodontic treatment, but they must also be easily removable when retreatment 
is required28. We found that the type of sealer and obturation technique does indeed 
produce a noticeable effect on the amount of sealer residue on the root canal surface after 
retreatment. The highest and lowest amount of sealer residue was observed in the BCS 
sealer with single cone obturation and PACENDO sealer with warm vertical obturation, 
respectively. The high sealer residue of BCS may be attributed to the biocompatibility of 
BCS sealers which therefore have improved sealer-to-root dentin bonding, due to the 
deposition of hydroxyapatite materials35. Hess et al. found that conventional retreatment 
techniques are not able to completely remove BCS sealers19. Higher amount of BC sealer 
residue was also reported in a micro-CT study by Oltra et al. regardless if a solvent was 
used during the retreatment procedure or not36. 
 
Since BCS with single cone obturation resulted in the most canal surface area with sealer 
residue compared to other groups, this may explain why the longest retreatment time 
belonged to this group. The obtained data from the canal area covered with sealer regarding 
various sealers showed that the BCS significantly covered more canal area compared to 
Kerr PCS and PACENDO. Considering both sealer type and obturation technique, the 
highest area covered with sealer belonged to BCS with single cone obturation followed by 
BCS with warm vertical, PACENDO with single cone, Kerr PCS with single cone, Kerr 
PCS with warm vertical, and PACENDO with warm vertical. 
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We also investigated the effect of ultrasonic irrigation to remove the BCS sealer residue 
from the root canals obturated with single cone technique. The results obtained from the 
ultrasonic group showed that, although ultrasonic intervention clearly reduced the amount 
of the sealer residue in the BCS with single cone obturation group, it was unable to 
completely clean the Bioceramic sealer from the canal walls. We also found that the 
ultrasonic technique was mainly able to remove the sealer residues from the apical region 
but not from the mid-root and the coronal regions, where the thickness of the sealer is more 
likely to be greater. In agreement with our results, Bernardes et al.37 investigated the 
amount of residual filling material which could be removed with or without ultrasonic 
activation and found that ultrasonic activation significantly reduced the amount of residual 
root filling in all of the experimental groups. 
 
In regards to the GP residue, conventional retreatment procedure can remove gutta-percha 
from root canal space efficiently. Few samples in each group showed very little amount of 
gutta-percha residue on the walls. There was no significant difference between various 
sealers alone or various sealers plus various obturation technique groups respected to canal 
area covered with GP. 
 
In general, the findings of our study is in agreement with a literature review study on 
retreatment efficacy of bioceramic sealers that reported significant amount of bioceramic 
sealer remnants was observed in all studies. Even though canal cleanliness could not be 
obtained at an ideal level, the re-establishment of the working length and patency can be 
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considered manageable and comparable to other endodontic sealers38. 
 
Setting times of the sealers in this study were different from those claimed by the 
manufactures. BCS and PACENDO sealers did not meet the ISO 6876/2012 and 
ANSI/ADA specification number 57 standards.  BCS sealer specimens, which were stored 
in a relatively humid environment, did not set at all. However, final setting of non-heated 
Kerr PCS and PACENDO occurred at 126 and 148 hours in the aforementioned condition, 
respectively. In addition, the BCS sealer, both unheated and heated for 2 seconds, stored 
in 100% relative humidity required 232 hours to achieve the initial set. When heated for 3 
to 5 seconds, BCS required 173 hours to achieve initial setting. Meanwhile, for both Kerr 
PCS and PACENDO sealers, in the same humid environment, in all non-heated and heated 
conditions of two, three, and five seconds, the initial set was achieved in 3, 2 and 2 hours, 
respectively. These results suggest that applying heat during root canal obturation will 
decrease setting time of the sealers.  
 
It has been claimed by the manufacturer that the BCS should set after 6 to 10 hours based 
on humidity but under the condition of our study and in a relatively humid environment, 
BCS did not set in two-week period of the study. In agreement to our findings, Lee et al.39 
reported that BC Sealer and MTA Fillapex were not set in humid incubator condition even 
after one month. Loushine et al.40 stated that water is essential for BC sealer to reach its 
final set because the inorganic and radiopacifier components of the sealer are premixed 
with water-free liquid-thickening carriers. In their study, BC Sealer required at least 168 
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hours to reach the final setting using the Gilmore needle method, and its microhardeness 
significantly declined when water was included in the sealer. In a review study by Jafari41, 
authors reported controversial studies with various results such as “Endosequence BC 
sealer and MTA Fillapex could not be set in dry condition within 3 days whereas they set 
in contact with the physiologic solution (HBSS)” or “the setting time values for 
EndoSequence BC Sealer and MTA Fillapex in moist conditions were 22.3 and 19.3 
minutes respectively”.  
 
Moreover, our findings were also in disagreement with the manufacturer’s claim that 
PACENDO has a setting time of less than 10 minutes. A possible reason for the variable 
setting time results could be the studies’ design. Majority of studies used a Gilmore needle 
to penetrate in to the material and the setting defined as when the needle failed to create an 
indentation on the materials’ surface; however, we used a digital Digimatic indicator with 
a standard probe and precisely measured force to evaluate setting of the sealers. We defined 
the setting as the time that the probe could not penetrate more than 200 microns in to the 
material. This design prevents any subjective results. Our inability to replicate these 
claimed setting times may also be due to the other researchers having used gypsum molds 
instead metal molds for setting time. 
 
EDS elemental analysis of three root canal sealers revealed that the new experimental 
sealer (PACENDO) consists of the same elements as the well-known Kerr PCS sealer. Both 
sealer are zinc oxide-base sealers and have carbon, oxygen, aluminum, sodium, zinc with 
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almost the same weight percentage in their composition.  The only difference is the 
radiopacifier element, Kerr PCS has silver in the composition while PACENDO contains 
bismuth for radiopacity. BC sealer is composed of carbon, oxygen, aluminum, silica, 
calcium and zirconium.  
 
Heat treatment resulted in small changes in the weight percentage of the elements for two 
zinc oxide-based sealers while it caused a bigger change in the elemental composition of 
the BCS.  
 
Different materials show various reactions to the heat. While heat can only cause physical 
changes in a heat-stable material without forming any new substance; it can cause 
physiochemical changes in other materials with forming new substances with different 
properties from the original. Findings of this study suggest that BCS is not a stable material 
against heat treatment.   
 
Comparing the electron microscopic images, using 500, 1k, 2k, 5k, 10k magnifications, 
indicate that the direct application of 200 °C heat did not induce any significant changes in 
the micro-structure of the Kerr PCS EWT and PACENDO sealers. However, the 
microscopic structure of the BCS was transformed from a homogeneous and non-
crystalline pattern to an irregular crystalline structure. Crystalline structure of the sealer 
could have resulted from vaporization of the sealer’s carrier substance or elimination or 
transformation of any component of the material. This finding is in agreement with a study 
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that demonstrated Endosequence BC composed mainly of carbon (C), oxygen (O), silicon 
(Si), calcium (Ca) and zirconium (Zr). However, changes in the elemental concentration 
were detected after setting and with different moisture conditions42. In general, our findings 
suggest that zinc oxide-based sealers are more stable and compatible with heat obturation 
techniques. 
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CHAPTER 6 CONCLUSION 
Within the limit of this study, following conclusions have been drawn. 
  
● Sealer choice and obturation technique have no significant effect on sealing ability 
when three sealers (BCS, Kerr PCS, Pacendo) and two obturation technique (single 
cone, warm vertical) were compared by dye penetration test. 
● Bioceramic sealer required the longest time for retreatment and had the highest 
amount of sealer residue after retreatment. 
● Heat application decreased the setting time of the sealers and BCS demonstrates a 
very long setting time compared to what the manufacturer claims. 
● Heat application can change the microstructure of bioceramic sealer while ZOE-
based sealers were not susceptible to heat. 
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